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INTRODUCTION TO R3P0RT uN TFIE 
ELECTRONIC NUIvIERICaL INTEGRATOR AMD CaviPUTOR (ENIAC) 
0. INTRODUCTION 

The Report on the ENIAC consists of five separately bound parts, as 

follows: 

1) ENIAC Operating Manual 

2) ENIAC Maintenance Manual 

3) Part I, Technical Do script ion of the ENIAC 

Volume I - Chapters I to VI 

4) Part I, Technical Description of the ENIi.C 

Volume II - Chapters VII to XI 

5) Part II, Technical Description of the ENIaC 

Included with the Operating Manual and Parts I and II of the Technical Descriptic 
are all drawings (see Table 0.3 below) which are required for understanding these 
reports. The Maintenance Manual assumes access to the complete file of ENI«.C 

drawings , 

Part 1 of the Technical Descri ption is intended for those who wish 
to have a general underst^'.nding of hov\' the E^hC works, without concerning them- 
selves with the details of the circuitsi it assumes no knowledge of electronics 
or circuit theory. Part II is intended for those who require a detailed under- 
standing of the circuits. Its organization, to a great extent, duplicates that 
of Part I so as to make cross referencing between the two parts easy. 

■^he ENIAC Operating Manual contains a complete set of instructions 
for operating the ENIAC. It includes very little explanatory material, and 
hence assumes familiarity with Part I of the Technical Description of the ENIiiC . 
The ENIAC Maintenance Manual includes description of the various test units and 
procedures for testing, as well as a list of common and probable sources of 
trouble. It assumes a complete understanding of the circuits of the ENIkC, i.e.. 
a knowledge of both P.arts I and II of the Technical Description of the ENLX . - 



The Report on the ENIAC and the complote file of ENIAC drawings 
constitute a complete- description and set of instructions for operation and 
maintenance of the machine,,. The drawings carry a number of the form PX-n-m,. 
The following tables give the classification according to this numbering system. 



TABLE 0.1 


Values of 


Division 


n 




1 


General 


2 


Test Equipment 


3 , 


Racks .and Panels 


4 


Trays, Cables, i^daptors, and Load Boxes 


5 


Accumulators 


6 


High Speed Multiplier 


7 


Function Table 


8 


Master Programmer 


9 


Cycling Unit and Initiating Unit 


10 


Divider and Square Rooter 


11 


Constant Transmitter 


12 


Printer 


13 


Pov«er Supplies 



TABLE 0.2 



Values of 

m 



Subject 



101-200 
201-300 
301-400 
401-300 



Wiring Diagrams 
Mechanical Drawings 
Report Drawings 
Illustration Problem Set-Ups, 



The reader of this report will be primsxlly interested in the types 
of drawings listed in the following paragraphs, A .table on page 4 gives the 
corresponding drawing number for each unit of the ENIAC, 

1) Front Panel Dra,v.'ings, These drawings show in some detail the 
switches, sockets, etc., for each panel of each unit. The;/ contain the 
essential instructions for setting up a problem on the ENIkC, 

2) Front View Drawings, There is one of these drawings for each 
kind of panel used in the various units of the ENIhC, These show the relative 
position of the trays and the location of the various neon lights. Since these 
drawings show the neon lights, they can be used to check the proper operation of 
the various units, 

3) Block Diagrams. These drawings illustrate the logical essentials 
of the internal circuits of each unit. That is, resistors, condensers, and 
some other electrical details are not shown; but complete channels (paths of 
pulses or gates representing numbers or program signals) are shovm in all their 
multiplicity. These drawings will be of interest to those who are interested 

in Parts I and II of the Technic-il Report, 

4) Cross-section Diagrams, These drawings are electronically complet 
except that only one channel is shown Vifhere there is more than one. Thus, these 
drawings show every resistor and condenser and any other electronic elements . 
belonging to any circuit. These drawings will be of particular interest to 

the maintenance personnel and to those reading Part II of the technical report, 

5) Detail Dravdngs. All other drawings of the ENL'^C come under 
this heading, A complete file of drawings is available at the location of the 
EMIAC.. 



Table 0.3 
ENIAC DRA.UINGS 



Um-t 


Front Panel 


Front View 


Block Diagram 


Cross - Section 


Initiating 
Unit 


FX-9-302 
9-302R 


PX-9-305 


PX-9-307 




Cycling Unit 


PX-9-303 
9-303R 


PX-9-304 


PX-9-307 




Accunulcitor 


PX-5-301 


PX-5-305 


PX-5-304 


PX-5-115 


Multiplier 


PX-6-302 
6-302R 
6-303 
6-303R 
6-304 
6-3O/4R 


PX-6-309 


PX-6-30e 


PX-6-112A 
6-112E 


Function Table 


PX-7-302 
7-302R 
7-303 
J£303R 1 


PX-7-305 


PX-7-304 


PX-7-117 

7-118 


Divider and 
Square Rooter 


PX-10-301 
IO-3OIR 


PX-lO-302 


PX-lO-304 




Constant Trans- 
mitter 


px-1 1 -302 

11-302R 

11-303 

II-3O3R 

11-304 

11-30/^R 


PX-ll-306 


PX-ll-307 


PX-11-1 1 6 
11-309 
(C.T. and R. 


Printer 


PX-12-301 
I2-3OIR 
12-302 
12-302R 
12-303 
12-303R 


PX-12-306 


PX-12-307 


PX-12-115 


Master Pro- 
grammer 


PX-8-301 
8-30111 
8-302 
8^302R 


PX-S-303 


PX-8-304 


PX-8-102 


Other drawings 

Floor Plan 
A.C. Iffirin; 
IBM Reader 
plugboard 
Ii 
Ii 


3f particular i 

PX-l-30 

y PX-l-30 

and PX-11-1 

PX-11-3 
nterconnection 
iterconnection 


nterest: 

2 IBM 

3 Plug 
19 P'ols 
5 Bloc 
of Multiplier cr. 
of Divider iuid ii 


Punch and PI 
board Pi 
e ...QDlificr -.nd PX 
k Biagrair. PJ 
d Kccui'iiulators PI 
ccumulators PI 


.-12-112 

.-12-305 

-4-302 

.-4-301 

.-6-311 

.-10-307 
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The front viow drawings and the large front panel drawings (whose 
n\ffiibers do not end with "R") are bound as a part of the Operator's Manual. 

Included with the report is a folder containing all the drawings 
listed in the above table except the large front panel (see above) dr'iwings. 

1. G£Nm\L INSTRUC TIONS FOR QPEIlaTIHG PER SOIHIEL 

1. Inform maintenance personnel iinniediately of any trouble &jid note 
Scinie in the log book, 

2. Occasionally check the filament fuse indicator lights (refer to 
front view drawings bound in this volume); if any are out turn off the d-c power 
(switch is located on ei-c distribution panel, see PX- 1-304) . 

3. If SKL^C shuts down from overheating dc not try to restart; call 
maintenance personnel. If -^.ny panel runs consistently much hotter than the 
others, do the sane, 

A. The d-c power should be turned on only with operation switch 
(either on cycling unit or on the hand control) turned to "continuous". After 
the d-c has been on a few seconds it may be turned to e,ither of the other two 
positions. Failure to follc^w this rule causes certain d-c fuses to blow, -240 
and -415 in particular, 

5, As a general matter certain units n-t being used may have their 
heaters turned off, In such cases it is unnecessary to remove the d-c power or 
even to turn off the d-c power when turning on these units. On the other hand th' 
three panels of the constant transmitter must be turned on or off simultaneously. 

6, Do not remove any covers, fro.nt or back. 

7, Do not open d-c fuse cabinet with the d-c power turned on. This 
nco only exposes a person to voltage differences of around 1500 volts but the 



person may be burned by flying pieces of molten fuse wire in case a fuse should 
blow, 

8, Padlocks are provided for locking the d-c power off. Lock the 
power off and carry the key with you as long as yon are working on the machine, 

9, Do not remove accumulator interconnector plugs, or function table 
or lai machine connector cables, while the d-c is on. All other front panel 
plugs may be safely moved while the power is on, 

10, Do not pull directly on wire or cable; always use the plug case 
as a grip, 

11, Do not put sharp bends in cables or hang anything on them, 

12, Do not leave cables dangling on the floor. 

13. Do not pound or force plugs; if they do not respond to steady 
pressure notify maintenance personnel, 

14, Do not leave IBM cable connectors or portable function table 
connectors lying out in the open,, keep in the receptacles provided. Also, make 
use of the raaps to protect the cables of any such units which are connected to 
the EMIAC. 

15. Do not force any switches. 

16. Kee») the door to the room closed to keep out dust, avoid stirring 
up or producing dust, 

17. Always move the portable function tables with care. Keep ttie 

brakes on when not moving them, 

i 

2, PROBLEM SET UP REldARKS 

2.1, ^ mi) FOR S'gT l!3..aTIC CHECKS 

Since the SNIAC makes use of a hierarchy of channels (first, in that a 



number of units may be carrying on comput^-.tions simultaneously; second, in that 
it alvici:rs hr.ndles ten to tvaenty digits of a niomber simultfmeously; ■'md third, 
in that certain units use a coded system giving four channels for each digit; 
running a standard check problem is not a sufficient check on the accuracy of 
the results. Thus, in arranging a problem for the EKIAC provision should be 
made for occasional systematic checks of all the units. 

Procedures for systematic checking are described in some detail in 
the maintenance manual. Brief procedures voill be outlined here for the numerical 
Tinits, The following test procedures are not comprehensive tests and the ex- 
perienced operator will perhaps use variations of them. In particular, the 
tests given below are not designed to check the operation of the various program 
controls. However, they arc designed to check the numerical circuits in each 
unit and to a considerable extent check the program control used to carry out 
the test, 
2.2. JESTING AK ACC UMUUJTCB 

Cards should be prepared as follows: 

1. P 11111 11111 

2, P 00000 00001 

The numbers should be so placed on a card that one group in the constant trans- 
mitter, say A , corresponds to these numbers. Next, a ra.aster progrartiraer stepper 
should be used to transmit the first number into the accunul'.tors wiiich are to 
be tested eighteen times, at this time the accuimilators should read 

M 99999 99998 
and all stages of each decade have been checked as well. as the delayed carry-over 
circuits,,. Mow the stepper (used above) should c^iuse the reader to read the next 
card and the nuraber to be transmitted to the accwaulators twice. Tliis should 
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give 

P 00000 00000 
and checks the direct carry-over circuits. Note that this test assumes that 
the significant figure switch is set to "10", If this is not so the operator 
can modify the above procedure to take care of this. 

This test does not check the following circuits (for a complete check- 
ing procedure see the maintenance manual): 



Transmission circuits 
Clearing circuits 
Repeater ring 



Input channels (except for the one used) 
Progr.^Jii controls (except for the one used) 



2.3. TESTING THE MULTIPLIE R 

The following set of cards should be prepared,. 



Card 

1 
2 
3 



Multipli er 
P 00000 00000 

p 11111 11111 
p 11111 mil 



Ivlultiplicand 
B^ (say) 

P 11111 lllU 

P 11111 11111 

P 22222 22222 



10 
11 
12 



'P 11111 11111 
P 22222 22222 
P 22222 22222 



P 99999 99999 
P 11111 11111 
P 22222 22222 



82 
83 
84 
85 



P 99999 99999 

fP 11111 11111 

M 11111 11111 

M 11111 11111 



P 99999 99999 
M 11111 11111 
P 11111 11111 
M 11111 11111 



On a second sot of cards, or on these same cards in different fields 
the proper answers should be punched. Note that these answers will depend upon 
vvhon ten or twenty digit products are used, that is, whether the product 
accumulators are used as ten or twenty digit accuraulators. 

There are two methods of using these cards to check the numerical 
circuits of the multiplier. One is to have the ansvi/er on the same card and 
arrange for its transmission to the product accumulators with its sign changed 
(or the sign of one of the factors may be changed). In this case the whole 
sequence of cards in run and the presence of "zero" in the product accumulators 
indicates (with high probability since there could be compensating errors) that 
the numerical circuits are all right, 

A second method is to run the test and cause the answers to be punched 
on other cards. These results may then be compared with standard answers by 
use of the reproducing piinch. 

This proceidure does not check the f;;llowing: 
Rounding off circuits 
Program controls- (other than the one used). 

2.4. TO TEST A FUNCTION TABLE 

An accumulator is used to build up the argument, A program control 
on the function table has its fimction switch set to "-2" and a second switch 
has its argument set to "+2", 

The progranijiiing is so arranged the,t the "-2" program is activated and 
the output sent to an accumulator associated with the printer. The result is 
punched on a card, "one" is added to the argument, and the process repeated. 
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The naster programmer c--ji be used to repeat the "-2" program 96 tiues and then 
alternately activate the "-2" and the "+2" progr?jn four more times, (Or 
various other schemes may be devised to obtain all 104 entries to the function 
table.) The cards punched in this manner csn then be compared ivith a standard 
deck. 

Note that the above check is not a systematic check of the numerical 
circuits as a whole. In other words this check should be repeated if any s^^itche^ 
on the portable t-ablc (or on panel Wo. 2) are changed. 

Furthermore, the above procedure docs not check the various program 
controls of the function table, 

2.5. TO TEST THE DIVIDER AND SQUARE ROOTSR 

The divider and square rooter can best be checked by perf orndng test 
division problems and square root problems. Drawing PX-10-111 gives the neons 
which should be lit at various places in the process. The operator can check 
against this by going through the problem a.t one addition time, 

2.6, COIm'STaNT TRANSMITTER TEST PROCEDURE . 

The Ij 2, 2' , 4 channels in the co:ist-ant transmitter can all be checked 
simultaneously by reading cards with nine punches jn them. Since it is un- 
desirable that the same number be punchod in all coluirjis of a card (tliis weakens 
a card increasing the nrobability of "jamming" in the feeding mochanism of the 
IBM machines) it is suggested that cards be prepcared as follows. 

1) 9's in groups A^t^ and Bxp 

2) 9«s in groups C and D^^ 

3) 9's in groups E,„ and F ., 



11 

4) 9' s in groups G and H 

LR LFi 

5) Four more cards siiiii-:ir to above but with ininus punches. 

The prograinniing should be arranged so that the numbers are transritted 
into accumulators when they can be inspected visually or perhaps punched on other 
cards and conpared with a standard deck using the reproducing punch. 

llote t?iat J-jj^ and Krp^ should be checked in a sir.iilar nanner, (Th^^se 
only need be checked for the n\iinbers used in the sot-up provided they are re- 
chocked any tL-ne that some of the switch settings are changed.) 

This procedure does not check all the progrruii controls. 

2.7. PRINTER TEST PROCEDb'RE 

The printer can be tested by causing all possible digits in each 
channel to be punched and by checking the PM delays. The following cards should 
be prepared, 

1) P 01234 567B9 

2) P 11111 11101 

3) P 11111 11011 



10) P 01111 11111 

11) P 11111 11111 

The programming should be arranged to cause the numbers on the test 
cards t<'> be read by the IBM reader, transnitted to the printing accUi.iulators, and 
the result punched. The resulting cards mr.y be crapared with a standard deck by 
use of the reproducing punch. 

Card numbcsr one has the numbers to 9 punched in it to prevent the 
same digit from being punched all across a card* 
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If any decades of the master progrs,mmer are used in printing they 
nay he checked at this time by transmitting the progrfon pulse (used to activate 
the above sequence) into each decade direct input. 

This constitutes a complete test of the nrinter, 

2.8. TESTING Fa^ TI^iKSIEMT FaILURSS 

If transient failures are suspected a master progrsjimer stepper should 
be used to repeat the appropriate test (such as one of those above) a large 
number of times. 

In case of an ac cumulator this can be done using only one card (say, 
p 99999 99999) and using a second program control set to aC (receive on a and 
correct) to obtain the one pulse in the units decade. 

For the multiplier it becomes necessary to punch the answers on the 
cards with the factors (see 2.3) and cause these to be transmitted to the 
product accumulators for each multiplication. If more than ten digit answers 
are used the adjusted ans\ver to card 83 must be carefully prepared in order to 
get minus the ansvjer from the onstant transmitter to the product accumulators 
(since the constant transmitter only comoloiuents at ;aost ten digits at a time). 

Repetition of a function table test is straight forward. It may be 
worth while to receive into a twenty digit accumulatoi- and repeat the transmission 
10 tines, say, and see if the proper nuiaber is obtained. 

The square root of zero is perhaps the easiest test to repeat on the 
divider-square rooter . 

The constant transmitter can be caused to transmit any group repeatedly 
to sorie accumulator. Dust partj.cles may cause tra,nsient relay failure^ so avoid 
stirring up dust in the ENIxiC room. Also, if any relay case is removed, always 



I 



13 



replace in exactly the sarae position in order not to distiu-b dust inside the 
case. 

Transient failures in the printer are probably relay failures. See 
maintenance manual for list of probable failures. 
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Foot Notes 
® On If Previous Program Was A Division. 

) ON If Denominator Is Positive When Receivedin De"nominator Accumulator. 
@ \F Before denominator Is Added To or Subtracted From Numerator,The Numerator Is Positive,Neon*4I5 

OnS Otherwise Neon^3 Is On. 
@ Goes On When Interlock Pulse Is Received. 
@ Goes On One Addition Time After HT-S 
© Goes On-<l- In NI Case, Two Addition Times After IEI-S. 

i)-lN I Case, In VMhichever Occurs Later •■Two Addition Times After 1II-9 Or One Addition Time AfterNeonT 
■*9=>c^/0->p Where ^ Is The Setting Of The Places Sv/itoh. 
** Only if No Overdraft Results. 
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O-C voltage hum oscllloacope- 



■D-C Toltege iMter— 



IVC Toltage selector swltchaa - 
I>-C voltage chart 



White numbers on the voltage ehart Indicate 
voltages at the ends o^ a power supply. Black 
numbers indicate voltage pairs in wbich at least 
one volta*5a is derived from a bleeder tap. 

Behind the voltage chart are the oscillo- 
scope adjustments. 

The d-c voltage araplltudd and the a-c h^im 
amplitude of every voltage of the SWIAC may be 
measured with rsppect to soine other voltage at 
this panel. 



Start and stop switches 

Pushing the start switch turns the amber 
light on and starts the initiating sequonce 
for the EKIAC, turning on the d-c power supplies, 
the he«*;erB of the various panels, and the fans, 
and operating the initial clear, Vrtien this 
sequence has been completed, showing that the 
ENIAC Is ready to operate, the green light goes 
on. 

Pushing the stop switch turns the EIJIAC 
off. Including the heaters, the d-c power sup- 
pile?, snd the fans. 



D-C power aupplies clock- 



Thls shows the number of boure the d-c power 
supply filankents have, been on« 



Initial clear switch* 



Though the KI^IAG Is initially cleared when- 
ever the start switch is operated, an initial 
clear switch is provided so that the operator 
can clear the machine without turning it off. 

The operation saleotop switch on the Qyolinjs 
unit must be set at Gent* for initial clearing 
to take place. 
SglootlTB clear program controls 

0^ Tf program pulse input terminal for selective 

clear program control, 
Oq " program pulse output terminal for selective 

clear program control. 



end 



Whenever a program pulse Is supplied to a 
all accumulators set to SC will be cleared, 
program pulse will be emitted from the 
corresponding C- one addition time later, ?or 
neon bulbs of associated transceivers see 
PX-5-305* 
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p - pulse input terminal for printer 

P - program pulse output terminal for printer 

Whenever a pulae is received on Pi the lEJ^ punch starts to operate and the printer relays star; to pick up, 
A pulse is emitted from P^ as soon as the relays are set up, An.y time after this pulse is emitted P^ ciay again 
be stimulated, but this will not cause a second punching until the first Is flni^ed. 



Door Switch Shunt 

'■ I T^ ■ ■ I II .■ ■ ■ 

Ordinarily the KWIAC will not operate with any of the doors off. This Is i 
safety feature, since removing the doors exposes damsgerons voltagea . If it la 
necessary to operate the SNIAC with the doors off, this may Ije done by holding 
this switch closed. 



-A-G voltage meter 
-A-C! voltage selector switch 
■"■■ "by means of this switch end meter the three phasea of ui.e of th^ two bus 
systems supplying 110 volts a-c to the filament transformers of the various units 
may be measured. 



aj_ - pulse input terminal foy reader in terlock 
"Rj^ - pulse input terminal for reader 
Tl_ - program pulse out put terminal for reader 

- ■ TnSflS TSlHnlHfeis ftaVe to do with the operation of the IBM card reader, Whan- 

aver a pulse is supplied to Rj the IBM reader starts to put a new card in position. 
After the card is read and the relays have set up the constant transmitter gates 
the information Is ready to be taken from the constant transmitter, A pulse is 
emitted from Rq after the constant transmitter is ready and after a pulse has bean 
received on Rtl, The operation of the constant transmitter program controls la 
described on P2-11-302, 

Reader start switch 

Rg - Tormlnal for paralleling the reader start switch 

Operation of the reader start switch starts IW '^nrd reader. After the card 
has been read a pulse is emitted from R^. 

R3 is a terminal for paralleling the reader start switch with a switch iriiloh 
may be carried anywhere around the EKIAC and which Is connected to this terminal 
via a program line Trfaich has no load boi^ or by means of a special cabla. 



—Initiating pulse switch 

Ta - Terminal for paralleling the initiating pm se swlteh 

Tq • :^rogram pulse output terminal for initlytiqp pulse 

■" Ithenever the initiating pulse switch is pushed a single program pulse (i.e., 

a gated CPP) is emitted from Iq, This pulse may be used to initiate any sequence 
of operations set up on the ENIAG, 

Ig Is a terminal for paralleling the initiating pulse switch with a switch 
which may be carried anyirtiere around the ENIAC and which is connected to this term- 
inal via a program line ifeich has no load box , or by means of a special 
eabla,. 



Note: portable Control Station is shona on PX-9*305. 
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OccUloa.jorif np which can by B^er. t-be cyiMag unit pulseo ar-i gf)*cg, 



lp-tlv<; ?leer gat* (oUi) irh?n it. 's prog^'ar^wS'l ), 



Ucc^iioa.j op^f np wr.icn can oy a^er. ^be cyi.-.iag unit puiseo Br.i aji-es, t^'* s*^lp-tiv5 ?^eer gat» (ot.^) irn?n 't. 's prog^'anaws'i ) 
or a:i;' ■PT':«msii •^J3;';a}, tranrc;!'';"'^ \o iho terminal nsricyd ''is,.Tt«''# The -^v-lyr^d un'*- puls'i.'' ar.d gcte^ ^-c t-r 5**erL prie «hnwn 
on. the c.ccont^jjyinfi ehar+j beUlnri -./M^h ^r^s ^-he osolilosccpe nd just-rcentfl . The asclll osi^op» Input :'Klt-ch selsft^ the sl^.sl 
^n bn nhowr. on the osolHoflcope, A I'lgr.al may bs trHMTjrlttet? t^ the terjiisial "Sxt," on 3 progras* I'nfl v^l^h hep -ic l-ip'i 
box. 



Oporatlog Selactor Switch 
^V control by tills switch 
and the 1 pulao - 1 add. 
push button 13 tbi} sam'* as 
thet i>r'>vi4H<: by the switch 
on tho cyolinfl unit front 
panel. Note: The switch 
which ia not being used 
must be set to "1 pulsion. 



1 pulse - 1 Add -Push Button" 



. Heit^r switch 



e OPERATION e 

3 






O' 



e ENIAC e 



Heater cloclf 



C/reen Pilot Light 

Same as on Initiating l^nit 

''Vont panel 



Push Buttons 

tJontrol provided is the sans 

ae provided by corresconding 

push buttons on Initiating 

Unit Front Pec el « See PX-> 302, 



portable Control Station 



• ru3h button for 1 pnl?^ tj^;'- >r one aJ^'-JTlon ^iine 

PA- Tf^nnlnal ^^t £ iJ/^ T'W'^liHg tuir." -^urh button 

Opnratioa ?ielantor switch 

lA and cor.t. - T-'nrJ.aal^ fcir paroll-^llng the oparRtjon selootor fiwi'rh 

— Th^' oyclinf ui:it h«? thrp.e mades of operation, Pe*9cted hy th" rmitch or iti' associated terminals (lA, Cent.); 

1) Coat, - The pulsss end r^t-^r arp givpn out c*ontinuni;:?Iy, 

2) 1 Add^ - The y.ulges uud --^^teB fcr one addition M.-ne gre '■^■ritted wttancver the p-ish-butt'-.n ^ov 1 mUse tim-? or 1 

addition ttr*3 is pusiiad, 

3) 1 puis-? - The pulRen and .crotes for one pills'? tiro-- ere er::i'.tf»d ^^nevpr the puoh-bntton fo^- 1 piilee tlroe or 1 

addition time U- pu^had, 
— portable push nu*:cn^- may b^ uspA In cjnnac^Icn wirh terminals pA, lA, and Qont. Tbo?e may bfi plugged Into 

a p-ot^rar3 lin-? vrfil?h. has g o load b o :^ and that line plugged in<c tjie teminalR, 
ii A push button '?onnpfted *-,>> lA parall-*!?' tbo i pulse an-? 1 Add. push button, 
2J Fii2h hutlnna ennr.ftott?d t- lA und Cent, enable th<; operator to parallel the operation aaleotor switch. -.Vhen this 

awitoli It /:■?+■ '-.■ the 1 pulse postM^n, holding closed the button .^-nnected to lA give? thp 1 addition time 

mode of op*! ration, vhlle holdlnj? closed th** button coanacted to Cont. (jlves contlnuoue operation. 
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I 



The digit temlnale em to be C':;Tin90t<!a to ths digit trunks {trays; (see p^-5-305! by thu Slglt csbloB for 
rergiving and transmitting numbers. The operation oi* thesa terrainalfl ie gavQrued-by the program controls of the 
accumulator. (Thus digit pidses transraittod on b trunk to tihlch tha oC tanalnal is connncted are re.-etTed only If 
the accumulator ie programmei to receive on eC )• 

;.Wltiplie9tloo by p?war:i of tan n;ay hi p'^oiiplish"' J by Esans of shifters (PX-'^-lo't} i»hlc;- transpose the 
digit wires. Shifters mu.t b°. p laced onl y In Hi't input tsminala, not in digit outp. it temlnala , 

Ijeleters !PX-'t-i03! are used in "onn-: TtinrT wl'th the" Eisnifioant fi'aures switch; they .tay be placed only 
in digit output terminals. 



cuiaulator Interconnection - iiiagxaaL 



@:° 



DQDPQna 



Qg 



DDDDOaO 



D-®-0 
0-®-ll 




10 decade accumulator 



<^0 decade accumulator 



Switches 1-4: O pereti 
3^itchaa for non-repeat 
program ''ontrolfi. 



/ 



Clear correct switch" 



Swi^-ch^s ^-1?; Q paratlon - 
3wit::h9g for repeat 
prccr'im controle. 



I'lt^it Iriisut :;'in::ln5l3 



Digit output '"«TTiiiialfi 



I 



o 




* S 6 



mJMilMlmm 



4*6 



+ 56 



\m 






3> © @ 
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Termlr.als 11. 21., 



lii 



Termlnalg ^q , bo .120 

Jro^aji pulse c.-utput teminals for 
re;)aat. progmra coT^-rols ^"12 
raBpectiToiy. 



'^rogrw'T- pulse input tenninale for Don-repoat 

urigr&ia oonti-ols 1-^ respectively. 

Teniiinals ^)1 121 

pro^rani pulse inout termlnala for repeat 
proi^rnm controls 5-12 respeotlvely, 

Non-repaat program controls 1-^ . 

Tties* operate for one ad'iition tiran and eni*- r.? prnniran output pulse, 
Each control cinslPtB of 

1) progr^i-Ti pulse input terralnal (when Pt inTi-ilat-iii with pr'"^2ram pulso causes pr-igrara control to pr-j^raa operation 
in acaordftnos with Ite switch aettlngs) 

2) operation awltch 

3) cleai^-correct awLtoh 

ij Associeted rei^eiver (ror neon b'olbs s^e PX-5-j05J 

He paat program controls ^12 . 

Theaa oparata for n addition? time?, where n is the sotting, of the rape-it switch, 
Each control conglsta of 

i; Protyram pulsp input tominp} JwJieu Ptimiilated with pr-jgrani pulaa cauaee program t^ontrol to program operation 
in accordan'^e with its switch aettlasa). 

2J program pulse o-itput teminal {emit? program pulse at and of ntt Rd.Ution time) 

3) operation switch 

H) clear-corre-2t switch 

51 Hepoet switch 

6j Associated transceivar (For neon bulbs* sag Pa-5"3051 



V: Ace. interconnector cable (vertical^ (FX-5-1^1] 

H; Ace, Interconnector cable (horizontal) {PX-;5-110) 

A indicateo poFltlon of ecc. interconnector tenninal load box (pX--5-^09> 

Koto: Each of the 2'- program controls of the 20 decade accmnulator 
governs the operation of all decades and of the common oro- 
^rai.iciin^ circuit? of both accumulators. 



li 



lelactlT** <;lesr switch 

If •'hi? switch is set to 3C th** accuniulPtor Ip cleared whenever « prograa pulse Is trensirlttej 
to one >.f the qel«ctive clear InputB of the initiating unit. 



■ 3if5iifican* fl:?uri2 VlI 



rl; 



Thlc smtch dofjrminos which decado (if anyj is cleared to 5 instead of whenever the accumu- 
letoE \s >;l^sr«d and en wlilch line the subtract pulse Is transmitted on a subtra'^t trecsmlsslon. 
It does nnt govern the deletion of nnn-significent digits; tlils must b=* done by rrxjans of deleters 
(PX-li-lagj iWlien the switch If pet to rr, deleter nurher rashonld be used, etc.} 

If the switch Is pet to m, decade lO-n [counting fr-^m tha rij^ht ) Is clenr'^d to 5, an-l the 
eubt^'act pulse ts transmitted on di^it line i]-ni. 

V/hen a 20 decod" accumulator is formed, the two plgnifiCEint figure STdtchci: ara to b*^ u^■ed as 
foUowo: 

(A) ISli^n 'j or Jess significant figures are desire:^, the left hand switch is sat to tha number 
desired end the right hand switch to 10. 

(B) '.Vhen 10 or mere significant figures en desired, the lef+ hand switch is set to 10 end the 
right hend sT/itch set so that the :!uei of the two switch readings equa;p the number cf signi fi cent 
flRures desired, 

- ItaDeat ^v.jt-'-'.hep for 
rap'ii-t proi^--r»rj cantrnls 5-12 

!^;ich pwi' r-h governs the nLiniber of addition tines its repeat prograa control operates. 



O peration switches and clear - correct switches ; 

Theaa operate together In the foUorirr,^- mfinnor: 



Operation svdtch 
setting 


Operation prograjmcad 
by operation switch 


operation prriflTaTOTed by 
clear-correct switch if 
s^t tn c. 


oC 



Y 

% 

e 


Receive on cL digit input teTOinal 
Heceiire or ^ digit input tenninal 
■iecoive on f digit Input tetTtiinel 
He.^olve ofi & digit Input tennlna] 
rfe'"*iv^ ■-■n C digit input temiJr.al 


A correct pule© {'•n i^tfl*^- 
nelly ffated 1* puJse) is 
placed In th** »mitp deced* 
gt each addition tints. 




A 
AiJ 


Nothing 

iTfii.'-riit on nid digit outntit tern>1rf«l 
rr3n*;riit on bntli add and subtract '"i^it 

ou*p'it ternilnel 
Trnn.imit on subtract digit output terulnul 


7he accujrulecor i= cleared 
at the end of the iarit add- 
ition tire of the prcjyra.T, 
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;iumt)ar of the program 
control to which the switch'^s 
In a ^iven column belong and 
to which the eorrssDonding 
numbered program Input and 
program output terminals be- 
long-. 



KultLpllHr At:cimi:lator Claar Gwltch 

This governs the clearing of the multlpliar ace, by tn^ans of the static cable running into 
the multlplior afio. PM plug-In unit. If thin 9vritch is eat on C, the multiplier Ir cleared 
during the lagt addition time of the mult Ipllcat ion. 



l.lultlplie'' Aocuffiuletor Ilecelyy switch 



Whenever a profrr^jn pul?e is received on a program Input teanlnal of a given program control, 
n pulae is Inriiedlately emitted from H**— R£ , or not at all, accordingly ar the multiplier er-c, 
function switch of that program control is set on cC~jd , or respectively. These pulses may 
bo ufiod to cauae the multiplier ncc, to receive the multiplier during the next addition tinie by 
having then transmitted to properly set multiplier ace. program controls, i.e. by connecting 
lioC- lij to ^Ive program pulse inputs of the multiplier ace. (#9) ^rid setting the correppondlng 
operation switchep to receive on cC " ^ respectively. 

It in to be noted that' all 24 multiplier program controls cause pulses to be emitted on 2|C -n^ 
CO that only five multiplier ace, program controls are required to receive all 2^ nul tiplierp. 



i'ultlpl? fsn.d Acciunulator Jloar ;:i'WitGh 

This operates the some as the multiplier ace, clear switch except that it governs the 
clearing of the multiplicand aoc. 

I.^ultlplicand Accumulator Receive Switch 

fhifl fii: .'^"ioni? the same as the multiplier ace, receive switch except that it giv^s out 
program .>; -I'l. jn terminals DoCto !>£ and may be uaed with the multiplicand ace, (#10). 

;>igniflcant Fi^^.ire Switch 
Multiplier rlaces Switch 



Prod>ict Dlgpoeal switch 



TeminBlq 11, gl.. g4l 

Progrflm pulse input terralnela for program controla 
1-2^ respectively. 

Terminals lo^ go ..g^o 

program pulae output terminals for program controls 
\~2^ respectively. 



TermlnalE Ri •? Uc 

program pulse output terminals assoclflted respect- 
ively with ct. 9, V, 5.t '^D the 2k multiplier' 
accumulator fxiiictlon Bwjtches, 

Teminel-g Dn - pt 

Program pulpe outnut terminals associated rospec- 
tively with <1, 9 . r, «, C on the plt multiplicand 
ancumulator function switches. 



There are 2^ multiplier program controlR, each consisting of 

1) program pnlse input terminal fTfhen stimileted with •arr.n.mn pulso causes program control to 
program multiplication in accordonce with Itfi Hwitoh i-'JttiUfs J. 

2) program pulse output tenrinal {eraite proi^ram pulse on cnnpletlon of multiplication), 
3; l>Iultipller ace. receive switch "1 

U) Multiplier ace. clear switch I :^3nr1h-3d on thlf drewlng 

5) Multiplicand ace. receive switch | 

6) lAiltiplJcand ace. clear s»*itch J 

7) Significant figures swltoh\ _ Dcscrlbt^d on rX-6-"03 

^) Places switch J 

9) product diapcssl switch .:)e.= cribed on ?a-6-304 

lO; Associated transceiver i'or neon bulbs see PX-b-309 

The hiffh-spead multiplier operates In conjunction with four cr six associated aeoupiuletors, Tht 3e are the 
multiplier aeo, i*'9)i the multiplicand ace. (#10), tho l^ft-hand partial products ace. (yll and per^ 
haps ^1?-) and the right-hand products ace. fi^l3 and perhaps ^'lU). For a diagram showing the Intar- 
'^onnectiopyi of tha hlgh-epeod multiplier with its associeted accunulators see PX-b-311» 
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s ignificant glguras svrltch 

This switch mpy be used to give a variabla round-off; i.e., a product which la rounded off in a 
different place for each program controi. This switch governs the addition of 5 pulses into the 
m. proper plaoe» of the laft.-ham) product ace, (»*11, 12) during the second addition time of the multi- 
plication* 

It dosB not control the deletion of the non-eignlfl cent digits of the product nor the placing 
of the subtract pulaa in the proper channul of the product on a subtract transtalssion. Since these 
vary with the setting of the elKniflcant figures switch, they must be taken care of at th** accumul.ator 
iThich recaivee the product. Hence in cases where every product is to be rounded-off to the same 
number of places, ii- is best to use the round-off facilities of the right-hand product ace, (#13» 1^)« 



P laces Switch 

This governs the number of pieces of the multiplier that are to be used in the multiplication. 
The raultipller digits are used from laft to right, bo that the most sipmlflcent digits ere used first. 
The places referred to are the pieces of the multiplier aec, counted from the left. 

The places switch la completely Independent of the significant figures switch, Th« reason for 
this Is that an I'igits of the multiplicaad are used in the multiplication process. The only purpose 
of the pjeces switch is to save time. 



Time Echadule for multiplication 

A raultlpllcation requires from 6 to lU addition timee fdepending upon the setting of the 
places switch) including the tine required for receiving the multiplier and multiplicRnd, but 
not including the time reciuired for disposal of the produ-^t. 

Addition time ■jperatJcn 

(Program input pulae received at and of Cth 
addition tlaa) 



ITultiplier and raultiplicand received 

Five round-off pulses transnltted to left-hand product ace, {/ll, 12) 
L^ltiDllcand m'Qtiplied by first place (10th decade) of multiplier 
and loft and right hand components traupmittod to left and right hand 
product ace. 

This is continued up to the p+ 2d addition time, where p setting of 
places switch 

Gonplf^ment corrections are nade whon necessary. 

Accumulated left hand products are added into accumulated rlglit hand 
products , 
(Program output pulse and answer disposal prjReeeniuted at end of p+l^th addUion timej 



P + 2 
P+3 
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Important notd coai:^eruinti t}ig pftrtjnl p^oUucta dit^lt output tenalnals 



These tenainnls are t-n bo aeml-panaanently conneated ta tlia <X digit Input terminals (see note on tominals l,r) 
of the produt't at^curnuLatorp (#11» 12, 13t 3^* ^y traya or cablas not uaed for miy ot her rH^os£_, ll£ l oad bozea fl ra to 
bemused. The digit pulsao amitted froni theoa taminals era not suppli'e'd' 'frcwn transmltterH, bi't from Invorter tutieV Trtil'nh 
cann'ct hfl connactod in pRraTlel with anything else and whir^h havo their o^m resistors, HfJnca the <K digit Input terminals 
"f the product accumul'itore cannot be used for ret:eivln.g any other nuEJbora. 

No 9-hifters or deleters are to bn used, AcenmulBtors 11 and 12 and accunulators 13 and lU are paired when more 
than 8 Ijht pla:;ea Is deylr^d in the prtyiuct. 

The load on these outputs nust be kept es snail as possible, Recocncaded inothod rif connection is; 

L.H. ^1 By snecia] ^*ihle to Jiccuinulator 11, 

L.H. #2 By short cable to tr*iy {only one tray), and short cnble to Accmoulator 1?, 

H.H. fr' 1 By special cably to Accunulator I3. 

R.H. ^ 2 Similar to ] .H. 2^2 and Accunulator 12. 

■ — Digit Output TenainalF for partial Troducta — 



See bIro dmwing PX-6-J11 
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Terminals A-ASC 

Program output terminals associated 
respectively with A, S, A3, AC, SC, 
ASC, on product disposal switch. 



Tanninals RS, OS, _F 

Program pulse outout termlnele for transmitting pulses used in the 
progranmina of each nultlplication: 

DS - A program pulse is enltted at the end of the p + 2d addition time 
if the multiplier is negative, semi-nerraanent connections must be 
established so that this pulso progratis the raultlpllcend ace, to trans- 
mit subtract and the right hand product accumulator T(#l3) tc raoelve, 

HS - A program pulse is enltted at the end of the p-f 2d addition tine 
If the multiplicand la negative, Somi-pommnent connections must be 
oatabliflhed so thnt tbis pulse programs the multiplier ace. U*')) to 
transmit subtract and the left hand partial products ace, I f/11) to 
receive, 

F - A program pulse la emitted at i,he end of the p+3d addition time, 
pemi-pemaneat connections must be established eo that thin pulse pro- 
grams the left hand partial products accumulator f^ll, 12) to transmit 
add (without shifting) end clear and programs the right hand product 
accunulator i*'13f 1*^) ^o recelva, or vice-vorsa. 

Terminals l.,r 

Recaivor cathode folloiver buffer output lines. These er*? to be uaed to 
program the product ace. to rtjcsivo the partial products. The following 
semi-permanent cotuieotions Er« to be eatabliPhod, 

1," 1 is to be connected via sec. intarconnector cable (I^ult.J 
^p-^-t^-131j into th^ interconnector terminals I,^ and 1^ of 
left-hand partial products ace, I (i^ll). The « digit input 
terminal Is to be uaed to receiv? the partial products, 
2, r is to be similarly comiocted into rigjit-hsnd product accumu- 
i-itor I t#13)- lit:nwl3e, the (< digit Input terminal is to bo 
used to recelva the partial products. 



Product disposal switch 

This switch ope]*ates In conjunction with program pulse output terminals A ^through ASC end 
provides program facilities for the disposal of all 2U products using at most 6 program controls 
of the right-hand product accumulator {#13» '^^)» 

At the end of the p+4th addition time (i.e., at the same time ss th^ program output pulse 
is emitted) a program pulse is emitted from A-ASC according to the netting of the product disposal 
switch of the program control being used, 

Soni-permanent connections may be established by connecting A through ASC to six program 
pulse inputs of the right-hand product aoc. (#13, 1^1 and setting the corresponding operation 
switcheis and clear-correct switches to transmit on A-ASC, The program ccntrol output pulse may 
^^e used to stinulate that unit of the EI.'IAC which is to receive the transmitted product. 
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Carry The Pbrtial Products 
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Note- Horuontol Lihes Above The Umits Rcvacsent Diftir Trots. 
The Dotted Lines Represeht Trrtj Wmkh Need Be Used 
Only When 20 DiaiT Products Are Found. 
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/>r(7> 'ri9nt Input ten^lnol 

This input iE open for ro^sptitji of the twi-dlgit argumenl- dn'-J-nj the 2nd addition 
time of cipBrati->n. The unite pla™ is rocelvart on .linn (, the tons piece on Mm Z, 
Shifters (ra-'t-lQl*) should be us3d In this tortnipal to shift th^ arf;imrnt W It '■ctws 
froin nthor deoeda." than th» '^itb ^nd lith. Tho othar lines of tilts tor-ilnal ere i;r.non- 
nfjcted, ^o a de.letor is not rcquir'*d» 

The acr'arjlfltc." wnlca trar.:ra«t!; tho arijunnnt noy bn progr-OTwd frou tenoinalE tiC 
and c. 

Thi functior ..olo autonatljaajy pleer!- Its araiunont at the end or each operation. 
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1 ,-r,0 

CFnc 
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Arjit(r*n+ Input 
Tarmmal 



S8S 



JL 



I B.M. 
PIU15 

^7b PoKTABLtf 



J-/^- 



O 



Thera are eloTan prot^ram controlp, on eeoh functior table. Each program control consists of a 
prograni piilee inpnt terminal (whiah, when etimulatad with %. pv^^rtsm pulse, causes the prcgrem 
control to program the looking up of *? function Value), a progran pulse output termlnai (whl^h 
iralts a pulse on oorapletloD of the operation^, the three switches described below, and an associete'* 
transceiver ifor r.aon b'ijbs see PX-7-305m 



A rg'one pt reception swl tch 

This .^^witch operates In ■conjunction with program pulse output temlnal? KC end C and may be 
'jMed to program pt_ acciomulator or accuraulators to transmit the argument. 

At the end of th<4 Ist adaition time a program pulse is emitted frfjm KG or if this switch is 
ect on NC or C reppectively, Semi-parmanent connections may be established by connectinff KC i»nd 
C to program input terminals of the argument accumulator and setting the corresponding •per«tIon 
switchae to trarsmit and transmit-and clear respectively* 



qpa mt 1 on switch 

This switch determinae whether the function value (add) or Its ccmpleraant {subtract) is trans- 
mit ted. 

It also daterrninas whether the function value of the argument reroived, or tho function value of 
one of the neif^hborlng ergun^nts, is transmitted. Thu? pcnitions-?, -1, 0, ■fl,'+2 giv9'f(a-2) 
f(a-l), f(a), f(a + l), f(ft+2) respectively, where a is the argument. 

Qparatlon repeat switch 

This switch determines the nijmber of tines the function value Is transmitted. 

Note that k addition times are required for the function table to set up, receive the firgumanv, 
ate. This Iosp of time must be taken account of in programnlng the accumulator which receives the* 
value of the function. Thus If that accuraulator is programmed with the same pulse that progremo 
the function table with its repeat switch sat to 9, it could recelv« the value of the function only 
5 times. 



Terra! nalg 11. ?i Hi 

Proi^raii pulse inp'it terminals for prn.p'an controls 1-11 respectively 

Terminal 3 IQ , 2o ,.,.«. ]lo 

Program puls^ output tert-inals for prof^ram controls 1-11 r« ape c t i pe ly 



Tor?jinal NC 

ProgruB pulse output terminal asso- 
ciated with NC on srguroant re^^ption 
awitcli. 



ranainal C 

Fro.^ram pulse output terminal asso- 
oisted with C on argument reception 
switch. 



rlFB Schedule for Function Table 



Addition ti-iie 



Cpsrat ion 



(progran; input pul-ie received et en-i of Cth ad:iitlCT ttmrt) 



.A 



rjirouite set up 

Ar^anoit recHived 

Arijutoent nodlfl'Jd by the addition of to l* pulpas. 

At iUth pulGtj time portable funr'tion table starts 

to ec: up. 

rucption table flriahma s'iltlng up 

Value of fuactlr.a traos"'! t^i'd 

1h!s Is cantinaad np to the r+ls*'r- addltlor. tl'>'8, wlieri 

r If th3 pnttlng of tl.c fnirt Ion repeat switcU, 



iT'.ai-aK ou'put eoiltt'jd et end of r+Uth EClitior. tin") 
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PX-7-302 



. 



-Mooter h; .i>ltche3 



fxinction jutput Tan:?inf\ln- 



oampl? rcw of switchec on portable function table showing 'J'jnnection to function output tai-n.lnela. 
Teminal A roiToinal B 



jyTgumant - 





'<5i 



.<s. 



81 



P 
p n 



?^ Line f> Line ^ Line k Line ? Line 2 Line 1 Lln« 6 Line 5 Line U ;.ine 3 Line ? Line 1 rti2 

For a positive number, set. H(l to P and set the number ou the switches. 

For a negstive number, set V^H to P. and set tiie eoianlement of tlie niiraber with reopet^t to IC^ 

on the switnhep. 




Function output terminals 

The dli'.it pulsos representing the value of the fimctlon nre transmitted from these tarmlnsls. A 
oonneGtion tablp gnpoarn below, TKese terminals are to ^e conneetod to the di^lt trunks (trays)' 
{see i::-7-305} by ^hs digit cables for transmission of the function value to another unit of the 'SlilAC. 
It Is to be noted that the dlvif^lon of the "el^t constont dlf5it switches and the 12 function table 
entries In^o f-ie p-roar^s A ard 3 was an erbltrery one, and by menns of special ednntora (FX-^-llO) those 
can be r'jp'':*oupad In any manner, 

Table showing t:onnectlon8 of fur^tlon output terminals 

Line 

1? ground 
11 Hi 

10 JBlllionf? plpoe) 
9 

7 

6 



3 (Hundreda place J 
2 (Tena Place] 
1 (Unttf? riaoe) 



iJli^lt --leiete switch 

;Vhen the dlsilt dnleta s'.ntch ir. set to delete the 'lonatent digit switch is di9i?onnected fron ita 
fiinetlon o:?tput teraiioal, otberiwit^e it le left connected, 

jigltp which ere constant for all the values of a function may bo ^^et up on the conptant digit 
switches. 

If those switcheg are sat to IMl or H!2, the outputs of the corresponding master VM switches are 
fed through these switches to the output terminals. This feature is used nftien some of tho loft hand nieces 
of e L'unctlon with both positive and negative values are zeros; these switches then supply -xeros when the 
transmitted number Is positive and nlne»s when the transmitted nuTibar is negntive, thus avoiding the use 
of shifters at the receiving terminals* 



Terminal 


J^ 






Terminal 


B 




'> round 








Ground 




i^M 1 








m B 




Constant 


digit switch Alt 






Constant digit Fwltch 3^ 




Constant 


digit switch A^ 






Constant digit switch B^ 




Constnnt 


dif!it snitch AP 






Con-itant dlait switch E^ 




Constant 


digit switch n 






Constant digit switch Bl 




Left hand six 
entries of por- 
table function 
tobln and 


ilubtract piilRe swlt 


3b 


AlO 


a ^ 8 

a o « -c, 

*»-.-* o a; 
V} *^ X> Xi 

1^ c, a a 


Subtract nul?e switch 


B3 


Subtract pulse switch 
Subtract pulse switch 
Subtract pul?9 switch 


A9 
Stf 


.:iubtraet oulse switch 
Subtract pulst swHcb 
;"ubtre'-;t pui?^a swltoV' 


B7 


i;u.btract pulse swit 


oh 


A I) 


Subtract pu:«e swit-'i 


ii6 


Subtract pul^e switch 


A''. 


Subtract pul?9 rwitoh 


^5 



ConBtant. dlKlt awltch 



Subtract pulFe switch ■ 

On B aubtract transmit these ivrttohns feed a subtract pulse onto thnir corresponding function output 
ta-i'.nal linos if they a?e set to S. Thus the switch corresponding to the units digit of the function 
should be set to S; the otliers feeding onto the same digit trunk should bo set to 0# 
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Elagram Showing S'inl-parmBiient conmcticnB to be Made Between Dlvlder~Soiiara - l-Sj;tei- an.l its Ageoelatea AcgUEulators 



® 



to Q to 



WOTIENT 



DIVIDER AND 
S9V«tE ROOTEB 



(In dlvidlne tha 
quotient Is built 
up here. This ace, 
is not used in 
square-root ing, ) 




NUMERATOR 
ftCC.I f'j) 



{The nucerator or quactity to be 
squore-rooted is to be placed 
hare.) 



[In dividing the dencmlnntor 
la to be plnced hare* In 
square rooting twice the 
aquam root l5 built up hare,) 



aDDDDOD 

a 

D 

SHlfTftce.l 



Notas on cables: 



bt J^ <D Oj U 
T^ 01 xl O 



flA) 
(B) 

!c) 

(B) 
(E) 
(F) 
(CJ) 



(K) 



/iCcumulator interconnectcr cable tquotieut) (PX-^-l^Vj 

Aoc. interooniiector cable (denoQ.S.K.) (PX-5-I36) 

arc, ir.terconnector cable (ahlft; (i'X-S-lS^) 

Jtandard digit cable, with adepters (divider) (PX-'J-lll)-) plugged Into proifram terminal. 

Standard digit cable, with adaptera (divider) (PX-'t-ll'l) plugged Into program tenainal. 

Ace, interconnector cable (divider) (PX-5-1-37) 

Trunk to tranBrait digit pulses for quotient and square root. 

This trunk Is not^ to be used for any other purpose , since tha pulses emitted are not supplied 

from trauEnittera butTrom inverter tuHeo which cannot be connected in parallel with anything 

else. These inverters have their own load reslKtors, so no load box is to be used in oonneotloc 

with them. 

Standard digit trunk (rith losd box) using +1 shifter in oC input of the shift accumulator. 

Standard digit trunk transfer (with load box). 



There are eiijht divider square rooter progran controls, each consisting of a program pulse input termlnel (which, 
when stimulated with a progran pulse, causes the progrsin control to program an operation , in eccordanc? with Its 
switch settings), a program pulce output terrninal (which emits a prograia pulse on completion of the operation, 
including interlocking) the eigllt switches described below, and an associated transceiver (for neon bulbs see 
rX-10-302). 



N'unDer of the program- 
control to which the 
switch and pulse tarn- 
Inals in a given colum 
belong. 






HEATERS 

OfF QoN 



DEWMKiTM AtnjwuD wnmiuiiitMonuMrM 



PLACES O 




PLACES Q 

- ~ ^^ — OA MBn 



7 M «l( 



jtNonNUM mmm. 



PlACts O 




mmm^tmmm. 



FIACES O 



HOURS „ 

o □ o 



IKMomiDTOIAtaitllllW 




PLACES Q 









pHM**Tci Mtimuuict 



pucp Q 




KNCKwrotwiXw va 



PLACES p 



ITOHtWfAKUHWM 



PlACtS Q 




°©:"Q °©:h °®:°©„ ©r©„ °©:°©„ °©;©„ °©:°©, -©;© 



Tetminals 11. gj ..gi - Program pulse input terminals for program controls 1-i! respectively. Whan 

sTimulated with program pulse causes program control to program dl-i:;ict! or square-roct in accordance 
with Its switch settings. 

Tgrjilnels :1. gl........jl - Interlock pulse input terminal, 

If the interlock switch of a given program control is set at jn, these tominals ar?; net used. 
I' the interlock switch is set at I, a pulse must hcve been received on any Intarlock tamlnal sine* 
the last non-lnterlock operation or Initial clearing of the divider before a program output p^se Is 
emitted. The interlock pulse nsy be a program pulse or digit pulsa or pulses. 

Terminals lo. Po ^o - Progrnm pulsa output tominals for program controls 1-g respect Ivolj.Emltr rro- 

^~grer: pulse after both the operation Is completed end an Interlock pulse is raoal vad (if interlock 
■switch is set at I). 



Numerator Aecunulator Clear Switch 
/ This governs the clearing of the remainder by means of the static cable running into the numerator accumulator 

/ FU plug-in unit. If this switch la set on 0, the numarator accumulator is cleared of its ramBlnder during the last 

addition time of the division or square root, 

MUmerator Accumulator Raoeiva Switch 

When aeml-permanent corrections are made, this switch programs the numerator accumulator to receive on the << 
and ^ digit Input tertuinalB during the first addition time of the dividing or square-rooting. 

Penominator -SQ Uara - Root accumulator clear Switch 

This switch operates tha sane as tha numerator accumulator clear switch except that it governs the clearing 
of the denomlnator-square-root accumulator, 

Denominator - Square-Root Accumulator iieceiva Switch 

When semi-permanent connections are made, this switch programs the donomluator and square root accumulator to 
receive on the oi and /3 digit Input terminals during the first addition tims of the dividing or square-rooting. 

Round-Off switch 

/ 'lOien •let to Ru this switch causes the answer to be rounded off in the last place. 

/ Note: Sven when the number (s) operated on are such as to give an exact answer this switch must ba set to SO to glv« 
tha oorract answer. 

Blvlde nSq uare - Root and Places switch 
J This switch selects which process is carried out and the number of places (counting from the 10th decade i.e. 

the highest place) of the answer, * 

note; The digit answer output tenainal is so wired that tha answer is built up starting In the 9th decade (counting 

from the right). For ordinary operation the numerator (or number to be rooted) and denominator should b« placed 
so that there Is a in the loth decade of their accumulators. If the number to be rooted has en odd (even) 
tunber of places to the left of the decimal point it should be placed so that the left-hand digit is in an ca<T 
(even) numbered decade. Hence the answer will have at least one place less than the setting of the places 
switch. 

Interlock Switch 

This switch is used whenever another operation or sat of operations la carried on slmultan'^ouBly with the divi- 
sion or square-rooting, 

;ji average division (in which ttsr* is a zeri) in the loth deoad" jf the (.ntwir acouuulator) or square-root Ins; 
takes 13P addition Mmes, where p is the salting of the places switch. 

If interlocking is ur.ed, and the Interlock pulse arrives after the operstlon has beer completed, a program cut- 
put pulse Is emitted duping the second ad'tUloa tlT.a following. 

Answer aisnoeal avltch 

This svritch rcy be used to program tronsmlS"> ion of the quotient or twice tha square-root during the first 
addition tine following the completion of the oparatlon. The program control output pulse will then be used to 
stlmulata that unit of the BJIAC which is to racaive the answer. 

Positions 1 and 2 are normally used to govern the quotient accumulator. The "peration they perform is deter- 
mined by adapter (divider) 



(PX-l'-ll't). Thus if KC-l|-ll'tA 

is i!^9d 

Disnosal 1 - Causes quotient 

ace. to add transmit. 
Disposal 2 - Causes quotient 
ace. to add transmit and 
clear. 
Similarly, positions 3 and \ are 
nomaliy used to govern the da- 
nomlnat or*-square-root accumulator. 
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/l/g> Lo'^D Box /s Us£o O/v /Ty/j- 

fo/^ r/^s /)/v3K/£-/f . A/a Or/v^/^ 
C/A//rs /^/?£- 7o ^£- Co/vA/£CT£:£> //vra /r. 



DDDDDDD 



r-D 



QuotientRcc. 
(*2) 



n 

D 



1 



■ 6Ui. 



SUz sv 



Divider 



a 



d Square 




Rooter 



nauDDDD 

Numerator flcc.T 
(*3 ) 



DDODDDD 

n (Used ForZODi^t p 
^ Numerators Or '-' 

D RflDICAllDs) D 

Numerator flee. I 
(*^ ) 





Digit T/?/ix U//r/f 
Load Box 



DDDDDDU 

Denominrtor <J StiuoRE: 
Root ficc.l(*5 ) 



DDDDDDD 
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DEMOniN«TORs) 

D D 
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DDDDDDn 
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5hiftPcc.I 



D/Gir T/?/)y5lA/iTH A/o Load Box 



/r£/^ 


/j£SC/?//^r/a^ 


RCFER To 


STi\ 

su/ r 


/)ccunoL/^ro/? //vr^/?co/\//vscro/f Ts/^r^/N^L^ 


Fx-^r- /OS- 


SU2.' 
SIJ3 

61/ ^ 


. 


O/y/os/9 £ Sao/i/^s /?oor£:/^ P/?oG^^/v/^f^G r£:/7niiMALS 


PX -/0-/08 


d 


S^^c/^z. C^ys^s Froi^ OiGir 7>/?K To ST, $- SU, O^ Quot/ent ^cc. 


FX- S- -/34 


b - 1 

C J 


fiiDA/°ro^3 F/Ron SU^ To D/c/T Tr^y Or From SUj To Digit T^ay 


{P/- 4 - I/4A , A 4 /^C Adaptor 
<FA- 4-//4Sj ^ $ S AOAPTOR 
lF/(-4-//4Cj /)C $ SC Adrrtor 


(/ 


Srsc/al C/^sl^ From O/g/t Tr^y To ST, <i SU, 0/v T/^£r De/^om. ^ Sq. /?oor ^cc. 


F^- F- /3(^ 


i 


v5>^c/^/: Cr^^ls Fro^ D/g/t Frs^ To ST/ 4t SU, Oa^ T^s S»/Rr /)cc. 


FX-F -/SF 


F 


Sr£c/rz. Crble Froi^ sv To ST, $ SU, Oa^ T/y'e A/or7^^^TOR /9cc. 


FX-S- /37 
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Digit Output Ter:alaol 




lO-dlgit number 



im. 



12 
H 

io 

9 

7 
6 



>';round 
HJ (of L) 
Billions plBC« 



Ilundruds plac«% 
Tsiifl place 
"nite place 



^•dlglt left-hand number (L) 
f) round 

m (of i) 

Tan-ttiousandtlw olace 



Tenfi plR<!e* 

UnlVs place 

liothlng 

Nothing 

Nothing 

Nothing 

Kcthlng 



g-dlgit ri(;ht-hand number (R) 

Ground 

m (of R) 

TM* (of R) 

FM* (of H) 

PM* (of R) 

m* (of H) 

3J' (of D) 

Ton-thousandths place 



Tens pleee 
Units place 



•lliuf ^, pulBBS ar» transp^tted on thuae Unas who.i the constant is posltirs, 9 puiaaa whan it Is a iorap]»nient. Hf?n^n it Is uanecisssary to usu a shifter on a 
reolTing accujr.ulator to i-eooive this oor.;itant Into thg units to ten-thousands decades of that aceunulotor. 



HEATEK 
OFF O ("^ 



O Digit Outpi/tTermmal O 



SAif 



o 



WOUK 



O 



CD 

COWSTANT 
QTpANSHlTrrR Q 



PANEL I 







Terminals 3 .1. 21 ^03 

Protiran pulae Input torrainals for pru^ran oonTjls 1-30 



Constant, selector switch 

Sanaral Sxplftnatiop. of the Conatant Transmitter 

Tha constant transmitter he^ a capacity of 100 dibits and 20 signs. These are divided into 10 sets 

(A, 3, 0, J,(C,) each consisting of 10 -digits and 2 siwHS, £i^t of these sets (A,3,....a) are supplied 

from IBII cards throui^h t\\^ IHl'. ruoder when proper cornactlonB are made on the I3K reader plug board (see 
FX-i:!-305)t Two of thiiae sets 'J,K) ere sunplled fr'im the constant sot switches and Pfcl set awUches of 
panel 2 (see p:C-ll-303). 

ISach get rmy_ be further divided Into two groups, a left-hand group and a right-hand grouo, each con- 
siBtine of ^ dlglta »nd a sl^n. This division must remain fixed thrnu^liout a given set-up, Fcr eierapls, 
if the G set Is divided Into flve-dlglt groups, then any or all of the constant selector switches 7 to 12 
iBy be sot to C. or 0^ but not to c^^.. cnnv-srsely. If the fi set Is not divided, then any or aJl of the 



^UV* 



Dr 0, but 
constant selector switches 13 tc l^^raey be set to S, ^ but not to St or Kp. 

The IBl: ryader Ib pro/^ramraed from the initiating unit (sea Pa-9-302), The IBtl reader oontrole and 
plugboard ar»t described on FX-11-305. 

ConstqiDt Transraitter Progran Cnntrols 

There are 30 coustnnt transmitter prograni controls, each capable of transmit tln^r certain of the con- 
stants over the digit output terciinel. Only one program control can be used at a time, hence only one 
number can be trensmitted at a time, 

rach program control ennslets of 
1) prograr. pulse input tarninDl (when stimulated with program pulse causes progreim control tc program 

t'^nnsiTlsflJon of number set on its constant selector switch? 
9) Constant selector switch 
3) Frogran pulse output terrnlnsl (emits program pulse after constant has been transmitted, i.e., one addition 

tir-e after the program pnlse input terriinal has received a pulso, 
k) Associated tranpceiver ;for neon bulbrs see PX-ll-306) 

Prutjram controls 1-2^, which transmit constants read from the IBM cards, cannot be used during the 
operation of the card roadar, except during t^e first 50 addition timee of this operation. That Is, after 
a pulae is supplied to Ul on the initiating unit front panel (see PX-9-302), these controls may be used 
during the ^0 subsequent addition times, but not thereafter until a pulse is emitted from Ho. 



TgrnloBla 1 ,2 ,. 
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Program pulse output terminals for prograis rontr"ls I-30 
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CONSTANT 
plTCANSMITTERpi 
^ PHHU.Z ^ 



5^ 



rVi .iMt jwitch 



'."oii-'-.tatit Set 3wltchen Tor J 



Coaatant :'et Switchef? for J,. 



'Jor.7t^nt --^at S'.^I-^chefi for , 



Ccn^tftn* Sst :.;witr'ii0P. !"or h. 



For a po.'^ltiTo niiLiber, set. Mia R,'. tc ^ end sat the nurabar cm the switcheF* 
?o-* B negstivs niimh^ir, set, l,he pit' to m and f^st th^ ?oipnlprn»nt of each 'ii.^H 

vn'th rn3r-^''+: to q on all but units switch ifhere thfl complement with 

rogpac^t to 10 Is sQt, 
I'^or a ten-digit number, both PI.I switches should be set to tha sign of the number 
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RuxiLinRy 
REfiD Switch- 



-y]Ar 



INITIAL START SWITCH 
STOPSWITCH 




oM-orrswiTCH 
FoRAc wwm 



OFF ON 



^^ 



CARD 
STftCKER 



1 



1 



-4V- 




(SREEN 
LISHT 



rOLABITY SWITCH 



PLOC, 
BORRD 



Card 
-SrncKCR 
Switch 



-^[^ 



i 



Noto: iJo not change polarity switch vtiile motor-generator is on. 
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fX Reed 3ruabes 

The #1 Read Brushes read the card before the #2 .Read 
BruBhea do. The /I brushes are used for control purposes 
and the s'S brushes for reading the numbers and their IVs. 



The Polarity £:wltoh 

Located on the front of the IBM Header 1b e double pole double throw switch 
which changes the polarity on the holding coils of the relays which control the 
group selection and the reset control. By plianging thin switch one can either wire 
these circuits on the plug board in the manner indicated there or in the reverse 
manner. This gives the following types of control! 

(A) With the polarity switch in nomal position. 

The common teminol '*C'* la then wired to some hub of the j^l reading 
brushes and the group selection hubs arR wired to hubs of the digit 
selector. Thus, all controlling is done by various punches in one 
column. The variety of things controled la given by plugging to 

different digits (12, 11, 0, 9) of the digit solootor. 

(13) V/ith the polarity switch in sbnormal position. 

In this cpse •'C is wired to some digit on the digit snlector and the 
group selection hubs are wired to verlous columns. Here, all the con- 
trol is obtained by a certain punch (for example^ a 12 punch) with dif- 
ferent things being controlled by plugging to different columns. 



plugging Illustrations 



(s) 



This shows the common hub "C" wired to column 21, The two hubs above and 
below C are connected so the wire could have goue to either of them. Note 
that besides the wire (a) one could connect this upper hub for C to some 
other column, say 2, getting an "or" control. That is, if a certain nuniber 

(12, 11, ,9) la punched in coluim 21 or column 2 then whatever hub 

under group selection waa plugged to that nunber of the digit selector cauaes 
the coi^responding group selection relays to operate* 

(b) This wire cauaes the reset control to operate whenever there is a 12 punch 
In column 21; that is, a card with such a punch Is called a master cord, 

Ic end d) These leads cause Information in storage relay groups 6 and J to be 
held as long es cards coma through without a 12 punch In column 21, Wian- 
Bver a card with a 12 punch in column 21 (a master cerd) oobbs along the t 
information in groups 6 and 7 will be dropped and new information will be j\ 
put in from this master cerd. Inmedlatoly, the reader will go on to read 
the next card, 

(a) If a card has a 6 punched in column 21 this lead causes group selection 
relays for group 12 to be activated giving a circuit from through B in- 
stead of A. 

(f and g) If a 9 is punched In column 21 groups 15 and l6 group aelection re- 
lays will be activated. Diagonal leads such as (f) enable one to operpto 
as many groups as desired from Just one punch, 

(h, i, and K) Thia shows the plugging to handle ten digit negative numbers. 
The PM punch is in column 1 and, by the diagonal connection in the minus 
control, the FM relays for groups 1 and 2 are operated by this one punch. 
The first digit reaches the storage relays through (J). (Ic) illustrates 
the plugging for the rest of the dlgita, 

(n, 0, and p) If there la a 6 punch in column 21 the digit from column 20 

will go to the fifth digit of group «. otherwise, the digit from column 
ko will go there. 

(n, q, and r) If tliere Is a o punch in column 21 the digit in column io will 
be the fifth dliilt of group 12. otherwise. It will be the fifth digit of 
group l6, 

NOTE; If during the course of e computation the IBM reader should run out of 
cards the starting relsy (see KC-11-307) will be closed so the moment new cards 
are dropped in, the reader will go through a cycle. To make sure that the reader 
does not fail to fead this first card the stop button should be held down until 
the cnrds are firmly in place. 
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Group Selection 

The hul>a numbered from one to sixteen control the 
group PBlectlon relays srtiose temlnsls are located on tbe 
lower half of the plug board. These are double huba, that 
Is, the hub above and below the number are common. The 
single hub located to the left of these and labeled RC 
controla the reset control. The featuree of group selec- 
tion and reset control are described below. For details 
see the IBM reader wiring diagram Pl-11-lig. 

Reaet Control and Reset Shunt 

Certain groups of relays (depending upon plug board 
arrangements) may be caused to hold their Information while 
a sequence of "detail" cards are read. This is acccmpllshad 
by connecting the corresponding terminals under Reset Con- 
trol to any of the Reset Shunt terminals. To change the 
information which la being held In these relays a "master" 
card is inserted in the sequence of cards, A particular 
punch on this master card can cause the held information to 
drop out and es the master nard passes the fZ Heeding Brushes 
new infonnetion can be stored in these ^relays until the next 
mastar card cornea along. \Vhene7er such a master card is read 
the Reader will immediately read the next detail card befor* 
it glTos out a computing signal to the ENIAC, 
WAH NXNG : The detail cards either must not contain information 
111 the fialda corresponding to the relays that are holding 
master card information or else group selection must be used 
to prevent such infonaotlon from disturbing the held re3»y8. 

Group Selection Relays 

There are sixteen five pole double throw relay awitches, 
called the group selection relaya. The common terminals are 
labeled "C" and normally the circuit is through the terminala 
labeled "A". When activated [picked up) the circuit is 
through "B", These circuita are isolated (internally) from 
the other circuits of the reader so there are many other 
poaeible plugging arrangements other than those indicated on 
the plug board, 

Minus Control 

By means of cams in the Reader these terminals connect 
to the PM relays of the Constant Transmitter only when the 
IBU card is in positions 11 and 12, that is, *rtien the PIS 
punches would be under the #2 Read Bruehes, The two bubs, 
above and below the group number, ere common. Usually, the 
punch for minus indication will occur in the same column that 
a digit punch appears. Thus, the same reading brush will 
indicate the PM of the number and later as the positions zero 
to nine pass under the brush Indicate the digit punched. 
Other cams (called coding cams) energize the numerical cir- 
cuits only during the zei^ to nine part of the cycle enabling 
the dlf^it punch in that column to cause the proper relays to 
be eet up In the Constant Transmitter, The coding cams con- 
siat of two groups, one group is used for positive numbers 
and the other group causes complements (with respect to 10 -1) 
to be set up by storage relays. The PK relays determine which 
set of coding cams are used. 

Storage Relays 

The storage relaya are located in the Constant Transmitter 
There are essentially four relays associated with each digit. 
That Is, four relaya representing respectively 1, 2, 2», and 
1| can, in various combinations, represent any digit from zero 
to nine. These four relays are indirectly (through vacuum 
tube circuits) associated with the 1, 2, 2» , and M pulses seat 
out by the cycling unit. That Is, each relay opens a gate tube 
which through an inverter opens a second gate tube, Thie 
second gate tube passes the 1, 2, 2» , or 4 pulses. 

For positive numbers the hubs of the i^ reading brushes 
can be wired directly to the hubs of the storage relays In any 
order whatsoever. Negative numbers must be handled in groups 
which are multiples of five. To Indicate the negative number 
there will be an 11 or 12 punch in some colximn. The wire 
from the hub representing this column must go to the minus con- 
trol hubs of all the storage relay groups used for this nega- 
tive number. There must also be a connection to the hub cor- 
responding to this digit in the storage relays. Sea the exam- 
ples shown to the left. 
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— Coupling STTlt.oh 

niip awltch, riouples two fjroup.s of digits together when It Is set to the C position. It provides for 
the perryoTor when an SNIAC conpltrient Is converted to a true value. 

TiiO switches on this flrawlng and ?X-12-303 arn aet for the nrrangeniBnt nhown in the table below, 
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'j eaernl llxplen&tion of Printer 

The pr-lnVsr oparntfls from the stati»^ outputs of accumulator ani! mhsts" progrenimer decades, 
?he cables connecting the decade PtBtic rerr-ilanlE to the printer lie in a tronerb et the --op of 
the front of the swtchine, A table, showing; the original p.&t of nnr-nections, EpoearE c; rX-]c-30l-. 
livery afrcurtiMlnT.or docarte «nd PI.', unit ind every master progrnnuoer ci«i.'ade hsB a stfttlo outout term- 

iD^il. 

Th*? nuribero to be printed arn ftiviiied Into elxtean groupfi of (^ digits and a PM, niniber*»d 
from 1 to lb, Tho printing pwitche'? detemlne which groups are connected to the IBM gang purch. 
Drawing i^K-lP-?05 fihnwK the 1314 genff punch plug bi/ard and gives instractione for connecting tt up, 

Anv groir.' of fiv« di^'lta erA e Pi:. npy be oonnected to an QdjB-ent group by maane of +h') 
"'--.ujij ln{? p«i*ch, "o that 10 digit, If, digit, etc, ruriberp tr.fty bo punched. 

Z'iii'v. iii=* nunib((r 'n b'^ printed in ■« cnmpT^nent (i.a., f"he cU counter r?<^i iters U) » the true 
VHlyo of the number in nunithed along with an 1] puniih to indlcftt'e that it ia regative. 

ViliQr.Hver infp "-;;■•' ion In the ir:nster nrogrn.-nmftr is printed ndeptor P?>IP-llU B nu?t b'? u-P'* 
p.t tho printer plu'pir- on panel ? so as to gr-und. the uraieed rii ]end going i!ito the printer. 

The printer in prograioned from the irltSnting unit [sae p.-.-g-^oP), Controls or th^ 131.. .^''"f 
punch- are explained on VY^-l ?-?.Q'% 
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Thle- switch aomftf.ts (In the Trtnt" position) or diaconnect-, (In the "off" pcslllonl -.he voi.thjp 
ripply to the huffei- tubes of Itp ;jro'jr., sc thPt these tubes dr. (or do not) operate the releyf wh»r: the 
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be ?et t.) iji'rlut" but ileo that proper osr.nectione be mode on the IB', gar,-! puEoh plug board (see "j;-! P-'^r'i). 

~his e-i'itiib niiEt be turned off If the deeedeB to yihU"h the Rrnuf Is coniieeted ere not turned on. 
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Computer Result Kxlt 

These hubs connect directly to the difjit relays in the printer. To 
punch positive numbero they can be plugged to the punch mm<r;nAt huba In 
any dftslred arrangement. Thus, it is possible to place the digits coming 
from the group 1 relays in any five of the eigtity colxinms on the IBM 
carde f 



MinuB Indication. 

The sixteen hubs under minus indication go dir-^ctly to the PM relays 
of the sixteen groups* The minus indication of any jroup could be punched 
in any of eighty columns on the card sinply by connecting the corresponding 
minus indication hub with the particular column hub of the punch magnets. 

Usually, however, the minus indication will appear above some digit 
of the number on the card. To piece the minus Indication (an 11 punch) 
above the first digit of the number the minxis indication of the correspond- 
ing group Is plugged to one of the terminal." labeled ''A" under column splitB, 
The hubs "B" and "C" dlrwctly under the A-hub used are to be plugged, respect- 
ively, to the digit hub (coTO:>uter Results Exit) above which the minus punch 
is desired and to the corresponding hub of the punch magnets. 

The column splits is simply a sixteen pole double throw relay switch. 
This switch is controlled by a can in the IKJ punch »rtiich causes the ^c" hubs 
to be connected to the respective ''A" hubs during the 11 position of the card 
and to the "3" hubs during the 0»>*>.«|9 position of the card« 



^Iinitter Outputs 

If one of these hubs is plugged to a punch raagnot hub the corresponding 
number will be punched in that column of the card. The five rows of five 
common hubs to the right of the emitter outputs enable one to punch the same 
number in more than three columns. The connection labeled (e) on the diagram 
causes nines to be pxinched in the columns 77»«»»»#'^ o" ^^* card. Connections 
such as these cause the corresponding number to be punched in every card. 
This can be used to f^lve identifying mmbers to the cards or to punch dates on 
the cards, Alphsbetic punching cannot be done on this machine. 
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Plugging Illustrations 

(e) This illustrates the type of plugglngln columns where no 
minus indication is desired. 

(b, c, and d) When the 11 position of the card is under the 
punches there is a connection through leads (c) and (d) 
from the punch magnet hub to the minus Indication. If 
the group 1 PK relays were activated a signal will arrive 
Bt this time causing the 11 to be punched in column 1 on 
the card. If the 11 punch indicating a negative number 
were desired in column ? leads (a) and (c) must be inter- 
changed flt the punch magnet hubs and leads (a) end (d) 
interchanged at the computer exit hubs. Then the first 
column of the computer exit ccoes directly to the first 
column punch and the second column leads go through the 
minus Indication hubs and the column split, 

(e) These connections will cause nines to be punched in the 
last four columns on the card. 
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Ganerol BJ^ilanatlon of stappare and Dacad«8 

A stepper is a sli stage ring counter. It hos the following aasoclatsd with It: 

1) Stepper program pulse Input terminal 

2) Six stepper program pulse output terminals, one associated with each stage of the 
stepper. 

3) A group of decado3(of from to 5i depending upon the stepper and the settings of 
the decade aasoolator switches. The n (nSO, 5) decades of each group ere inter- 
connected by a direct carry-over circuit ("■ho'-" Is no delayed oarry-oTor circuit) 
enabling them to count (not accumulat«) 10-1 pulses, 

4) Stopper clear switch 

5) Stepper direct input terminal 

6) Stepper clear direct input terminal 

7) Each decade has a uirect input terminal 

The operation of a stepper and Its associated equipment is as follows: 

At the end of the Initial clear each stepper is left or the 1st stage and each decade 
is cleared to 0. 

Suppose a prograjn pulse is received on a stepper program pulse input terminal. One 
addition time later a proKram pulae is emitted from the profsram pulse output terminal coi— 
responding to the stage the stepper is on at the time it is emitted and a program pulse le 
sent to the units decade of the group of associated decades. 

TVhenaver a group of decades counts to the number set on those decade switches corre- 
sponding to the position of the stepper, one addition time later these deosdsa are cleared 
to zero and the stepper is either stepped to the next position, or (if it is on the position 
sat on Its stepper clear switch) cleared to the first position. Though the decadaa will 
count either program pulses or digit pulses, any pulse which might cause this clearing and 
stepping action must be a program pulse. 

The decades count both the pulses supplied to the associated stepper's program pulsa 
input terminal (with a one addition time delay) and those supplied to the decade direct 
input teiminals. No set-up is permissible which might lead to pulses being supplied to a 
decade from both sources simultaneously, or from a decode direct input terminal and a carry- 
over from a previous decade simultaneously. 

An example Illustrating a common application of a atapper in programming will show how 
items 1 through k operate together. Consider stepper D, and suppose that decades 12 and 13 
are associated with it and that its stepper clear switch is set to H. Then four two-digit 
nunbara (ni,....nl() may be set up on the decade awltchss, each number associated with the 

oorrespondlng stags (3 k) of the stepper and hence with the corresponding program pulse 

output terminals (Dj.0, ftto). Whenever a program pulse is received on O'^ a pulse is 

eiiltted from one of the output terminals (one addition ti«a later). The first n^ pulses 
received on Di are emitted from Dio; the next ng pulses received on Di are emitted from Dgo,, 
,,,, the laat a)^ pulses received on Di are emitted from Hjo, a^d the stepper and Its asso- 
ciated decades are then left in their original state, ready to repeat the process. The time 
schedule of these operations is as follows: 



Stepper ternilnals 

Ai ,Kl Stopper program pulse input terminals 

A-iO,,.,.,A^o;.,K]^o,,,,Kgo stepper program pulse output teiminals 

Aai,.,..,Kdl Stepper direct input terminals 

Acdl,.,,,Kcdi Stepper clesr direct input teminals 

Decade teimlnale 

Ddl20,..,.Ddil Decade direct Input tarminala 



Program Pulse 



1 



Operation 

Input program pulse (to DI) 

Output program pulse emitted (from Dio,.,.Dljo) 
Decade stepped to next stage 
a In case the decades register the number sat up on 

the decade switches, all decades (associated with 
stepper D) ere cleared to zero snd the stepper (D) 
is stepped to the next stage or (If ft is on the 
position k) it Is cleared to the first stag*. 

To disassociate a decade from its stepper pull out gate tuba 63 in the stepper plug-in unit. 
See block diagram KX-*-30't. 



Terminals Ai. Bi Kl Stepper prograia pulse input terminals 

Teminals A 1 K iO Stepper program pulse output terminals associated 

with Stage 1 

Apo Kge stage 2 

A^o %. Stage 6 

one addition time after a program pulse is supplied to sn Input terminal (such as Di) 
a program pulse Is emitted from the output terminal corresponding to the stage the stepper is on 
at the time it la emitted (thus if the stepper Is at position 1, when ths pulse is emitted it 
OTBeT'fTrarDno), and a unit is added to the oontanta of the essocietad decades. 

Terminals Acdi Kcdl Stepper clear direct inpat terminela. 

A pulse supolied to this terminal will clear the stepper to the first position. If a 
clearing pulse and a stepping pulse arrive at the same time, the stepper will be cleared, not 
stepped* 
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TEHMINALS I dl. gdl. ......SOdl - Decade dlreot input tenuinala easoclated reapeotlraly with dooadas 1, 2,. 

' (counted from right to ieft) 

pulses supplied to these termlnalB will be counted by the decades. These puleea may be olthar program or digit 
.„!««» though anv Dulee which steps the decades to the number sat up on the decade switches corresponding to position 
of tha'stppel must be a program pulse., and any pulse ^,lch causes a carry-over nust be a program pulse, 
of the ^'^W^og?^ pulse shoSd be supplied to the decade direct input of the units decade of a stepper one addition 
tiaa following the reception of a program pulse on the program p.ilsa input terminal of that stepper, 
tlaa roiiowing ^o^ ^^ ^^^ ^^^^ ^^^ ^^^^^^ ^^^^^ terminale of decades other than the unite decade only at times when ther 

are no carry-over pulses from previous deoados of the rjst. 



To disassociate a decade from its steeper pull out gate tube 63 In thr) stepoer plug-in 
unit - See BlocU Ulagrem VX-?-30k. 



Decade Associator Switches 

Decades provided with these switches may be connected to xha decades associated with either of two 
steppers. Thus if the J-K switch is set to K, decade 2 is connected in series with decade 1, while If it 
is set to J decade 2 Is made the unite decade associated with stepper J, and decade 3 (formerly the units 
decade associated with that stopper) becomes the tens decade of that stepper, i.e., is put in series with 
decade 2, 



Dacede switches associated with the Ist stages of ths steppers. 



Decade switches associated with the 2nd stegea of the steppers. 



Decade switches associated with the 3rd stages of the steppers. 



Decade switches associated with the tth stages of the steppers. 



Decade switches assooiatod with the ^th stages of the stoppers. 



Decade switches associated with the 6th stages of the stoppers. 



Ste pper clear switch 

This switch determines the number of stsges of the stepper and associated decade switches which are 
used. After the stepper gets to the stage sat on its clear switch and counts to the number set on the 
corresponding decade switches it clears to its first position instead of stepping to the nait position. 

Terminals Adi .Kdi - Stepper direct Input terminals, 

Pulses supplied to one of these teminals will be counted by the stepper. These pulses may be either 

program pulses or digit pulses. If digit pulses are used the stepper clear switeh must be aet to 6. 

The stepper will count modulo c, Aere c is the setting of ths stepper clear switch. 

A program pulse is emitted from one of the stepper program pulse output terminale one addition time 
after a program pulse is received on the stepoer program pulse input terminal. . This pulse is emitted from 
the terminal corresponding to the state of the stepper at the time it is emitted. The stepper may be stepped 
or cleared at the same tliwi without effacing that pulse, 

NO pulse should be supplied to this tej^inal at the same time as a stepping action is caused by the 
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